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SUMMARY 
A n i n e  t r a c k  tape d r i v e  i n t e r f a c e d  t o  a s t a n d a r d  p e r s o n a l  computer was 
used t o  t r a n s p o r t  d a t a  from a remote t e s t  s i t e  t o  t h e  NASA Lewis mainframe com- 
p u t e r  f o r  a n a l y s i s .  The C y c l i c  Ground T e s t  o f  t h e  I o n  A u x i l i a r y  P r o p u l s i o n  
System ( I A P S ) ,  wh ich  s u c c e s s f u l l y  ach ieved i t s  g o a l  o f  2557 c y c l e s  and 7057 h r  
o f  t h r u s t i n g  beam on t i m e  genera ted  s e v e r a l  megabytes o f  t e s t  d a t a  o v e r  many 
months o f  c o n t i n u o u s  t e s t i n g .  A f l i g h t - l i k e  c o n t r o l l e r  and power s u p p l y  were 
used t o  c o n t r o l  t h e  t h r u s t e r  and a c q u i r e  d a t a .  T h r u s t e r  d a t a  was c o n v e r t e d  t o  
RS232 f o r m a t  and t r a n s m i t t e d  t o  a p e r s o n a l  computer ,  wh ich  s t o r e d  t h e  raw d i g -  
? i t a l  d a t a  on  t h e  n i n e  t r a c k  t a p e .  The t a p e  f o r m a t  was such t h a t  w i t h  m i n o r  
m o d i f i c a t i o n s ,  mainframe f l i g h t  d a t a  a n a l y s i s  s o f t w a r e  c o u l d  be used t o  ana lyze  
t h e  C y c l i c  Ground T e s t  d a t a .  The p e r s o n a l  computer a l s o  c o n v e r t e d  t h e  d i g i t a l  
d a t a  t o  e n g i n e e r i n g  u n i t s  and d i s p l a y e d  r e a l  t i m e  t h r u s t e r  parameters .  Hard- 
copy d a t a  was p r i n t e d  a t  a r a t e  dependent on t h r u s t e r  o p e r a t i n g  c o n d i t i o n s .  
The t a p e  d r i v e  p r o v i d e d  a c o n v e n i e n t  means t o  t r a n s p o r t  t h e  d a t a  t o  t h e  main- 
f rame f o r  a n a l y s i s ,  and avo ided a development e f f o r t  f o r  new d a t a  a n a l y s i s  
s o f t w a r e  f o r  t h e  C y c l i c  t e s t .  The f o l l o w i n g  paper  d e s c r i b e s  t h e  d a t a  system, 
i n t e r f a c i n g  and s o f t w a r e  r e q u i r e m e n t s .  
INTRODUCTION 
The goa l  o f  t h e  I o n  A u x i l i a r y  P r o p u l s i o n  System ( I A P S )  C y c l i c  T h r u s t e r  
Ground T e s t  was 2557 o n / o f f  c y c l e s  and 7057 h r  o f  beam on t i m e .  
a t y p i c a l  7 y r  s t a t i o n  k e e p i n g  m i s s i o n  fo r  a 1000 kg c l a s s  communicat ions s a t -  
e l l i t e .  I n  f l i g h t  a p p l i c a t i o n s  t h e  t h r u s t e r  i s  n o m i n a l l y  c y c l e d  once d a i l y .  
For t h e  purposes of t h e  c y c l i c  t e s t ,  t h e  t h r u s t e r  was c y c l e d  f i v e  t i m e s  d a i l y ,  
t o  reduce t h e  t i m e  r e q u i r e d  f o r  t h e  c o m p l e t i o n  o f  t h e  s i m u l a t e d  f l i g h t  t e s t .  
T h i s  s i m u l a t e s  
The t e s t  began May 1982 and was suspended f o r  programmat ic  reasons i n  
October  1983. 1399 c y c l e s  and 3593 beam on hours  had been comple ted .  D u r i n g  
t h i s  t i m e  p e r i o d ,  t h e  t h r u s t e r  was powered w i t h  s e v e r a l  l a b o r a t o r y  t y p e  sup- 
p l i e s .  A custom d i s c r e t e  s t a t e  c o n t r o l l e r  was used t o  o p e r a t e  t h e  t h r u s t e r .  
Data  was s t o r e d  on a c o m b i n a t i o n  o f  s t r i p  c h a r t  r e c o r d e r s  and t h e  NASA Lewis 
c e n t r a l  d a t a  system. The t h r u s t e r  i t s e l f  was mounted i n  a 0.89-m (35 i n . )  
d i a m e t e r  1.96-m (77 i n . )  h i g h  vacuum chamber. The chamber was capab le  o f  au to-  
m a t i c  o p e r a t i o n  ( r e f .  1 . )  
A b readboard  o f  t h e  f l i g h t  t h r u s t e r  c o n t r o l l e r ,  t h e  D i g i t a l  C o n t r o l  and 
I n t e r f a c e  U n i t  ( D C I U )  and t h e  e n g i n e e r i n g  model o f  t h e  Power E l e c t r o n i c s  U n i t  
(PEU) became a v a i l a b l e  p r i o r  t o  t h e  r e s u m p t i o n  o f  t h e  t e s t  i n  F e b r u a r y  1987. 
I t  was d e c i d e d  t o  use these components t o  o p e r a t e  t h e  t h r u s t e r  for t h e  
remainder  o f  t h e  t e s t .  
t r a i n i n g  for f u t u r e  I A P S  f l i g h t  o p e r a t i o n s .  
T h i s  p r o v i d e d  a b e t t e r  s i m u l a t i o n  o f  t h e  m i s s i o n  and 
An Automat ic  Command Genera tor  (ACG) was f a b r i c a t e d  to  command t h e  DCIU 
t o  c y c l e  t h e  t h r u s t e r  on and o f f  a t  t h e  p r o p e r  i n t e r v a l s .  The DCIU a c q u i r e d  
and t e m p o r a r i l y  s t o r e d  t h r u s t e r  d a t a  and c o n t r o l l e d  t h e  PEU. A DCIU t e s t e r  
was used t o  e x t r a c t  d a t a  from t h e  D C I U  and c o n v e r t  t h e  d a t a  t o  RS232 f o r m a t .  
Th i s  d a t a  was t r a n s m i t t e d  t o  an I B M  PC1 wh ich  was i n t e r f a c e d  t o  an I B M  3420 
mainframe compa t ib le  tape d r i v e .  The d a t a  r e c e i v e d  from t h e  D C I U  t e s t e r  was 
s t o r e d  on tape i n  a f o r m a t  c o m p a t i b l e  w i t h  t h a t  of e x i s t i n g  mainf rame s o f t w a r e  
f o r  f l i g h t  d a t a  a n a l y s i s .  
FACILITY 
The t h r u s t e r  was mounted i n  a 0.89-111 (35 - in . )  d i a m e t e r  by 1.96-m ( 7 7 - i n . )  
A f r o z e n  mercury  t a r g e t  was 
h i g h  vacuum chamber. An i n t e g r a l  0.31-111 ( 1 2 - i n . )  b e l l  j a r  was p r o v i d e d  f o r  
t h r u s t e r  i s o l a t i o n .  
t r a p  f a c i  1 i t a t e d  pumping o f  noncondensi  b l e  gases. 
p r o v i d e d  t o  ensure t h a t  beam s p u t t e r e d  m a t e r i a l  was p r e d o m i n a n t l y  mercury .  
Beam p r e s s u r e s  o f  1 . 3 ~ 1 0 - 4  Pa ( 1 ~ 1 0 - ~  t o r r )  were t y p i c a l .  The f a c i l i t y  i s  
capab le  o f  unat tended o p e r a t i o n  ( r e f .  1 ) .  
A 0.91-m ( 3 6 - i n . )  d i a m e t e r  o i l  d i f f u s i o n  pump and LN2 c o l d  
I o n  gauges were used t o  m o n i t o r  chamber p r e s s u r e  a t  t h r e e  l o c a t i o n s .  The 
gauges p r o v i d e d  a s e t  of n o r m a l l y  c l o s e d  c o n t a c t s  which opened when chamber 
p r e s s u r e  exceeded a p r e s e t  l i m i t .  These c o n t a c t s  were  used t o  remove power 
from t h e  Power E l e c t r o n i c s  U n i t  (PEU), s h u t t i n g  down t h e  t h r u s t e r .  No d i r e c t  
c o n n e c t i o n  between t h e  f a c i l i t y  and t h e  d a t a  a c q u i s i t i o n  computer was made as 
t h e  d a t a  system computer was n o t  r e q u i r e d  t o  a l t e r  t h e  f a c i l i t y  o p e r a t i o n .  A 
f a c i l i t y  shutdown was i n d i c a t e d  by  a z e r o  r e a d i n g  on PEU s u p p l y  v o l t a g e  d a t a ,  
which i s  a s tandard  t h r u s t e r  d a t a  parameter .  
t e s t  f a c i l i t y  and e l e c t r o n i c s  i s  shown i n  f i g u r e  1 .  
A b l o c k  d iagram o f  t h e  c y c l i c  
HARDWARE OVERVIEW 
The I o n  A u x i l i a r y  P r o p u l s i o n  System ( I A P S )  i s  an 8-cm (3 .15 - in . )  d i a m e t e r  
e l e c t r o n  bombardment i o n  t h r u s t e r .  Mercury  i s  used as t h e  p r o p e l l a n t .  I A P S  
c o n s i s t s  o f  a T h r u s t e r  Gimbal Beam S h i e l d  U n i t  (TGBSU), Power E l e c t r o n i c s  U n i t  
(PEU), a D i g i t a l  C o n t r o l l e r  I n t e r f a c e  U n i t  (DCIU) and a p r o p e l l a n t  t a n k .  The 
I A P S  components a r e  i l l u s t r a t e d  i n  f i g u r e  2 and a genera l  d e s c r i p t i o n  o f  each 
dev i ce  fol lows ( r e f .  2 ) .  
T h r u s t e r  Gimbal Beam S h i e l d  U n i t  (TGBSU) 
The I A P S  TGBSU c o n s i s t s  of an 8 cm e l e c t r o n  bombardment i o n  t h r u s t e r  u s i n g  
mercury as a p r o p e l l a n t .  
(1-mlb) .  The t h r u s t e r  i s  mounted on a g imbal  u n i t  which f a c i l i t a t e s  t h r u s t  
v e c t o r i n g .  The gimbal u n i t  was n o t  o p e r a t e d  d u r i n g  t h e  c y c l i c  t e s t .  A beam 
s h i e l d  made of a g r a p h i t e  f i b e r  p o l y i m i d e  composi te  p r o v i d e s  f o r  d i r e c t i o n a l  
s h i e l d i n g  from t h r u s t e r  e f f l u x .  
The nominal  t h r u s t  o f  an I A P S  t h r u s t e r  i s  5-mN 
I I B M ,  I B M  PC, and PC/XT a r e  t rademarks  o f  t h e  I n t e r n a t i o n a l  Bus iness  
Machines Corpo ra t i on .  
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Power E l e c t r o n i c s  U n i t  (PEU) 
The I A P S  PEU c o n v e r t s  power from a 70 VDC bus i n t o  t h e  v o l t a g e s  r e q u i r e d  
f o r  t h r u s t e r  o p e r a t i o n .  The PEU c o n t a i n s  5 d i r e c t  c u r r e n t  and 4 a l t e r n a t i n g  
c u r r e n t  s u p p l i e s ,  each o f  which i s  i n d e p e n d e n t l y  c o n t r o l l e d  by  t h e  D i g i t a l  Con- 
t r o l l e r  I n t e r f a c e  U n i t  (DCIU). Each s u p p l y  i s  p r o v i d e d  w i t h  a p r o p o r t i o n a l  
0-5 VDC r e f e r e n c e  from t h e  DCIU or a d i s c r e t e  o n / o f f  command. The PEU a l s o  
c o n t a i n s  s i g n a l  c o n d i t i o n i n g  c i r c u i t r y  wh ich  m o n i t o r s  t h e  o u t p u t  of each s u p p l y  
and p r o v i d e s  t h e  DCIU w i t h  a p r o p o r t i o n a l  0-5 VDC o u t p u t  f o r  c o n t r o l  feedback 
and d i g i t i z a t i o n  fo r  t e l e m e t r y  o u t p u t .  
D i g i t a l  C o n t r o l l e r  I n t e r f a c e  U n i t  ( D C I U )  
The DCIU c o n t r o l s  t h r u s t e r  o p e r a t i o n  based on  commands i n p u t  from t h e  
s p a c e c r a f t  computer.  The DCIU i s  capab le  o f  a u t o m a t i c  s t a r t u p  and shutdown o f  
t h e  t h r u s t e r  on command ( r e f .  3 ) .  Severa l  t h r u s t e r  maintenance r o u t i n e s  such 
as cathode c o n d i t i o n i n g  a r e  a v a i l a b l e .  Manual o n / o f f  and s e t p o i n t  commands f o r  
each s u p p l y  a r e  suppor ted  where a p p l i c a b l e .  The DCIU c o n v e r t s  t h e  a n a l o g  0 t o  
5 VDC feedback s i g n a l s  i n t o  8 b i t  d i g i t a l  words.  There a r e  a t o t a l  o f  
t h i r t y - t w o  8 b i t  t e l e m e t r y  parameters sampled once e v e r y  32 sec.  One parameter  
p e r  second i s  a v a i l a b l e  f o r  t r a n s m i s s i o n  t o  t h e  s p a c e c r a f t  i n t e r f a c e  wh ich  must 
a c t i v e l y  e x t r a c t  t h e  d a t a  from t h e  DCIU. T h e r e f o r e ,  a comple te  d a t a  f rame i s  
t r a n s m i t t e d  once e v e r y  32 sec.  Each t h r u s t e r  parameter  c o n s t i t u t e s  one sub- 
f rame.  A breadboard DCIU w i t h  f l i g h t  s o f t w a r e  i n s t a l l e d  was used f o r  t h e  
r e s u m p t i o n  o f  t h e  C y c l i c  T h r u s t e r  T e s t .  
DCIU T e s t e r  
The DCIU t e s t e r  i s  p a r t  o f  t h e  Ground Suppor t  Equipment ( G S E )  o r i g i n a l l y  
used f o r  t e s t i n g  and s o f t w a r e  v e r i f i c a t i o n  o f  t h e  DCIU. The DCIU t e s t e r  simu- 
l a t e s  t h e  s p a c e c r a f t  i n t e r f a c e ,  c l o c k i n g  t h e  t e l e m e t r y  d a t a  from t h e  DCIU a t  
t h e  r a t e  o f  one parameter  p e r  second. An e i g h t  b i t  t e l e m e t r y  word or subframe 
number i s  added t o  each parameter .  The subframe number and parameter  a r e  t h e n  
d i s p l a y e d  on  t h e  f r o n t  pane l  i n  hexadecimal f o r m a t .  The parameter  and i t s  
a s s o c i a t e d  subframe number a r e  a l s o  c o n v e r t e d  t o  RS 232 s e r i a l  d a t a  wh ich  i s  
s i m u l t a n e o u s l y  t r a n s m i t t e d  o v e r  a two w i r e  l i n k .  Baud r a t e  i s  s e l e c t a b l e  by a 
back pane l  s w i t c h .  300 Bd was s e l e c t e d  due t o  t h e  l e n g t h  o f  t h e  c a b l i n g  from 
t h e  t h r u s t e r  c o n t r o l  r a c k  t o  t h e  c o n t r o l  room. A hexadecimal keypad i s  p r o -  
v i d e d  f o r  t h e  manual i n p u t  o f  t h r u s t e r  commands. 
Automat ic  Command Genera tor  (ACG) 
A means f o r  unat tended i n p u t  o f  t h r u s t e r  commands was n e c e s s a r y  f o r  con- 
t i n u o u s  o p e r a t i o n  o f  t h e  t e s t .  A d e v i c e  was f a b r i c a t e d  t o  s t o r e  two commands 
and t r a n s m i t  each t o  t h e  DCIU a t  a programmable t i m e  i n t e r v a l .  I n  t h e  case of 
normal t e s t  o p e r a t i o n ,  t h e  f u l l  beam and t h r u s t e r  o f f  commands were s t o r e d .  
Each 16 b i t  command word i s  programmed v i a  DIP s w i t c h e s ,  a l o n g  w i t h  t h e  i n t e r -  
v a l  a t  wh ich  i t  i s  t o  be t r a n s m i t t e d .  Time t o  t r a n s m i s s i o n  of each command i s  
d i s p l a y e d  on  t h e  f r o n t  pane l  i n  m i n u t e s .  The D C I U  t e s t e r  f r o n t  p a n e l  command 
i n p u t  was used d u r i n g  system checkout  f o r  b r i e f  p e r i o d s  o f  manual t h r u s t e r  
ope r a t  i on.  
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I B M  PC 
A s tandard  I B M  P C / X T  was used t o  r e c e i v e  t h e  RS232 t e l e m e t r y  s t ream from 
t h e  DCIU t e s t e r  and process t h e  d a t a .  
was i n t e r f a c e d  t o  t h e  computer.  
e n g i n e e r i n g  u n i t  d a t a  was d i s p l a y e d  on  t h e  m o n i t o r  and s e l e c t i v e l y  p r i n t e d  on  
a s t a n d a r d  d o t  m a t r i x  p r i n t e r .  
A 3420 c o m p a t i b l e  n i n e  t r a c k  tape d r i v e  
Raw t h r u s t e r  d a t a  was o u t p u t  t o  tape w h i l e  
SOFTWARE 
S o f t w a r e  Requirements 
Data d i s p l a y .  - A l l  t h r u s t e r  d a t a  was d i s p l a y e d  on  t h e  computer m o n i t o r  i n  
e n g i n e e r i n g  u n i t s  i n  r e a l  t i m e .  A complete f rame o f  d a t a  was d i s p l a y e d  w i t h  
t h e  i n d i v i d u a l  parameters updated once p e r  second as t h e y  were r e c e i v e d .  
Incoming d a t a  was a l s o  c o n t i n u o u s l y  d i s p l a y e d  i n  hex. 
Hardcopy d a t a .  - Hardcopy d a t a  was p r i n t e d  c o n t i n u o u s l y  d u r i n g  t h r u s t e r  
mode t r a n s i t i o n s ,  i . e . ,  beam o f f  t o  f u l l  beam and d u r i n g  t h r u s t e r  maintenance 
modes. Any changes i n  t h e  t h r u s t e r  would be i n d i c a t e d  i n  t h e  c o n t i n u o u s  d a t a  
d u r i n g  mode t r a n s i t i o n s .  The hardcopy d a t a  f a c i l i t a t e d  q u i c k  look d a t a  capa- 
b i l i t y  w i t h o u t  d i s m o u n t i n g  and p r o c e s s i n g  a d a t a  t a p e .  
d a t a  was p r i n t e d  a t  2 . 5  min  i n t e r v a l s .  An 1 1  m in  i n t e r v a l  was s e l e c t e d  for 
beam o f f  mode. T h i s  i s  due t o  t h e  s t e a d y  s t a t e  n a t u r e  o f  t h r u s t e r  parameters  
d u r i n g  beam o n / o f f  modes. 
D u r i n g  beam on mode, 
Data  a r c h i v a l .  - A l l  t h r u s t e r  d a t a  was s t o r e d  on  magnet ic  t a p e  i n  a f o r m a t  
A t i m e  t a g  f o r  each 
c o m p a t i b l e  w i t h  t h e  f l i g h t  d a t a  a n a l y s i s  s o f t w a r e .  
t i n g  and t r e n d  a n a l y s i s  o f  d a t a .  
t i o n  o f  t h e  t e s t  t o  p r o v i d e  a d a t a  a r c h i v e  f o r  f u t u r e  use. 
d a t a  f rame c o n t a i n i n g  t h e  y e a r ,  month, day and t i m e  o f  day was r e c o r d e d  w i t h  
t h e  d a t a .  
T h i s  f a c i l i t a t e d  t h e  p l o t -  
A l s o , t h e  tapes  were s t o r e d  a f t e r  t h e  comple- 
Mainframe s o f t w a r e .  - The f l i g h t  d a t a  a n a l y s i s  s o f t w a r e  r e q u i r e d  some 
minor  m o d i f i c a t i o n s .  The c a l i b r a t i o n  c u r v e s  used f o r  c o n v e r s i o n  o f  raw d a t a  
i n t o  e n g i n e e r i n g  u n i t  d a t a  v a r i e d  s l i g h t l y  between each PEU. 
curves  f o r  t h e  E n g i n e e r i n g  Model PEU were i n s e r t e d  i n t o  t h e  s o f t w a r e .  
The c a l i b r a t i o n  
Also, t h e  f l i g h t  d a t a  tapes  c o n t a i n e d  c e r t a i n  s p a c e c r a f t  parameters  wh ich  
d i d  n o t  a p p l y  t o  t h e  o p e r a t i o n  o f  t h e  c y c l i c  t e s t .  T h i s  d a t a  d i d  n o t  appear  
i n  t h e  t e s t  d a t a  tapes .  The mainf rame s o f t w a r e  was m o d i f i e d  to  dea l  w i t h  t h e  
absence o f  t h i s  d a t a .  
OPERATING ENVIRONMENT 
Hardware C o n f i g u r a t i o n  
The hardware used f o r  t h e  d a t a  system was an I B M  P C / X T  w i t h  640K o f  RAM, 
a b a t t e r y - b a c k e d  r e a l  t i m e  c l o c k ,  p a r a l l e l  p r i n t e r  p o r t  and two s e r i a l  p o r t s .  
O n l y  one o f  t h e  s e r i a l  p o r t s  was a c t i v e  d u r i n g  t h e  t e s t i n g .  A D i g i - d a t a  S e r i e s  
4 
20002 s t reaming tape d r i v e  was i n t e r f a c e d  t o  t h e  PC. 
f a c e  c a r d  p r o v i d e d  c o n t a i n e d  a 64K d a t a  b u f f e r  and tape d r i v e  c o n t r o l l e r  c i r c u -  
i t r y .  
system used was MS-DOS v e r s i o n  3.20. The s o f t w a r e  was w r i t t e n  i n  " C " .  
The PC/Tape D r i v e  i n t e r -  
The tape d r i v e  was s u p p l i e d  w i t h  an MS-DOS3 d e v i c e  d r i v e r .  The o p e r a t i n g  
SOFTWARE IMPLEMENTATION 
RS232 I n p u t  
The d a t a  o u t p u t  by  t h e  DCIU t e s t e r  was t r a n s m i t t e d  o v e r  a t w i s t e d  s h i e l d e d  
p a i r  o f  w i r e s  from t h e  t e s t  a r e a  t o  t h e  c e n t r a l  c o n t r o l  room. The l i n e  l e n g t h  
was a p p r o x i m a t e l y  175 f t .  Due t o  t h e  l e n g t h  o f  t h e  c a b l i n g  and t h e  slow d a t a  
r a t e  ( 2  B /sec> 300 Bd was chosen as t h e  d a t a  t r a n s m i s s i o n  r a t e .  Documentat ion 
o f  t h e  o u t p u t  f o r m a t  f o r  t h e  DCIU t e s t e r  was u n a v a i l a b l e .  A s t o r a g e  o s c i l l o -  
scope was used i n  c o n j u n c t i o n  w i t h  t h e  d a t a  d i s p l a y  on t h e  DCIU t e s t e r  f r o n t  
pane l  t o  de termine t h e  word l e n g t h  and p a r i t y .  The word l e n g t h  was 8 b i t s  w i t h  
no  p a r i t y .  The s e r i a l  p o r t  on  t h e  PC was i n i t i a l i z e d  t o  r e c e i v e  t h e  d a t a  u s i n g  
t h e  MS-DOS MODE command i n  an a u t o e x e c . b a t  f i l e  which a l s o  c a l l e d  t h e  d a t a  
a c q u i s i t i o n  s o f t w a r e  a t  boot-up. T h i s  was a c c e p t a b l e  s i n c e  t h e  PC was t o  be 
d e d i c a t e d  to  t h e  d a t a  a c q u i s i t i o n  t a s k  and no o t h e r  s o f t w a r e  would u t i l i z e  t h e  
s e r i a l  p o r t .  However, t h e  s e r i a l  p o r t  c o u l d  have been i n i t i a l i z e d  i n  t h e  main 
s o f t w a r e  w i t h  no problem. 
Data  was i n p u t  by  c o n t i n u o u s l y  p o l l i n g  t h e  s e r i a l  p o r t  s t a t u s  r e g i s t e r .  
When t h e  d a t a  ready  b i t  was s e t ,  t h e  d a t a  was i n p u t  from t h e  s e r i a l  p o r t  
r e c e i v e  b u f f e r  ( r e f .  4 ) .  T h i s  t e c h n i q u e  was q u i t e  s u c c e s s f u l .  No handshaking 
between t h e  D C I U  t e s t e r  and t h e  computer was a v a i l a b l e .  
The two b y t e  o u t p u t  o f  t h e  DCIU t e s t e r  c o n s i s t e d  o f  an 8 b i t  subframe 
number and an 8 b i t  d a t a  word. The d a t a  was t r a n s m i t t e d  s e q u e n t i a l l y ,  subframe 
0 t h r o u g h  31 (32 t o t a l  words) .  The 8 b i t  subframe number preceded t h e  d a t a  
word. The d a t a  i n p u t  module r e t u r n e d  b o t h  b y t e s  o f  d a t a  t o  t h e  a c q u i s i t i o n  
program s i m u l t a n e o u s l y .  The i n p u t  module k e p t  t r a c k  o f  t h e  o r d e r  i n  wh ich  t h e  
d a t a  was b e i n g  r e c e i v e d .  
u l e  s p e c i f i c a l l y  expected subframe number 2 t o  appear n e x t .  I f  a d a t a  d r o p o u t  
o c c u r r e d ,  t h a t  i s  subframe number 2 d i d  no t  appear ,  t h e  module would r e t u r n  no  
d a t a  and w a i t  u n t i l  p r o p e r  s y n c h r o n i z a t i o n  was ach ieved a g a i n .  T h i s  essen- 
t i a l l y  caused t h e  loss o f  a complete d a t a  f rame i n  t h e  e v e n t  o f  a d r o p o u t .  Due 
t o  t h e  s t e a d y  s t a t e  c h a r a c t e r i s t i c s  o f  an o p e r a t i n g  t h r u s t e r ,  i t  was d e c i d e d  
t h a t  t h e  p o t e n t i a l  loss o f  an o c c a s i o n a l  d a t a  f rame was a c c e p t a b l e .  A d e t a i l e d  
flow d iagram o f  t h i s  module i s  shown i n  f i g u r e  3. 
I f  subframe number 1 was j u s t  r e c e i v e d  t h e  i n p u t  mod- 
E n g i n e e r i n g  u n i t  c o n v e r s i o n .  - The r e a l  t i m e  d a t a  d i s p l a y ,  hardcopy  and 
mainf rame d a t a  a n a l y s i s  s o f t w a r e  were r e q u i r e d  t o  c o n v e r t  t h e  raw i n t e g e r  
t h r u s t e r  d a t a  t o  e n g i n e e r i n g  u n i t s .  T h i s  r e q u i r e d  c a l i b r a t i o n  or c o n v e r s i o n  
p o l y n o m i a l s  wh ich  i n p u t  t h e  i n t e g e r  d a t a  and o u t p u t  t h e  a p p r o p r i a t e  f l o a t i n g  
p o i n t  d a t a .  
o f  t h e  PEU power s u p p l i e s  w i t h  t h e  r e t u r n e d  d i g i t a l  d a t a .  
The DCIU t e s t e r  and a DVM were used t o  compare t h e  o u t p u t  o f  each 
The PEU was 
2 S e r i e s  2000 i s  a t rademark o f  t h e  D i g i - D a t a  C o r p o r a t i o n ,  Jessup Md. 
3MS-DOS i s  a t rademark o f  t h e  M i c r o s o f t  C o r p o r a t i o n .  
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connected t o  a dummy l o a d  d u r i n g  t h i s  p rocedure .  I n  t h e  cases of t h e  v a r i a b l e  
s e t p o i n t  s u p p l i e s ,  each s e t p o i n t  was t e s t e d  and t h e  d a t a  reco rded .  The o n / o f f  
o n l y  s u p p l i e s  y i e l d e d  two d a t a  p o i n t s .  The d a t a  was t a b u l a t e d  and l e a s t  
squares methods were used t o  g e n e r a t e  first or second o r d e r  p o l y n o m i a l s  where 
a p p l i c a b l e .  
i o n ,  so m a n u f a c t u r e r ' s  c a l i b r a t i o n  d a t a  for t h e  p l a t i n u m  RTD's was used.  
The v a p o r i z e r  t e m p e r a t u r e  d a t a  c o u l d  n o t  be measured i n  t h i s  f a s h -  
Real t i m e  d a t a  d i s p l a y .  - The t h r u s t e r  d a t a  was d i s p l a y e d  on t h e  PC screen 
The d a t a  f i e l d  for each parameter  was updated 
The s t a t i c  f o r m a t  p r e v e n t e d  annoy ing  d a t a  s c r o l l i n g  and screen 
i n  r e a l  t ime.  A s t a t i c  sc reen fo rmat  c o n t a i n i n g  t h e  mnemonic f o r  each te leme- 
t r y  parameter  was implemented. 
each t i m e  new d a t a  was r e c e i v e d .  A s  a r e s u l t ,  new d a t a  appeared i n  each f i e l d  
eve ry  32 sec. 
f l i c k e r .  The screen f o r m a t  i s  shown i n  f i g u r e  4 
Hardcopy d a t a .  - T h r u s t e r  d a t a  was p r i n t e d  c o n t i n u o u s l y  d u r i n g  t r a n s i t i o n s  
from one mode to  t h e  n e x t ,  for example d u r i n g  t h e  t r a n s i t i o n  from o f f  t o  f u l l  
beam. D u r i n g  f u l l  beam o p e r a t i o n  t h e  d a t a  was p r i n t e d  o n l y  once e v e r y  5 d a t a  
f rames ( a p p r o x i m a t e l y  2.5 min) .  D u r i n g  beam off o p e r a t i o n ,  t h e  d a t a  r a t e  was 
f u r t h e r  reduced to  once eve ry  20 d a t a  frames ( a p p r o x i m a t e l y  11 m i n ) .  I f  t h e  
t h r u s t e r  was o p e r a t e d  i n  a maintenance mode, t h e  d a t a  was c o n t i n u o u s l y  p r i n t e d .  
The t h r u s t e r  mode was d e t e r m i n e d  by  t h e  mode parameter  o u t p u t  by  t h e  DCIU.  A 
p r i n t  f l a g  was i n i t i a l i z e d  t o  t u r n  on t h e  p r i n t e r  a t  t h e  b e g i n n i n g  o f  d a t a  
a c q u i s i t i o n .  When t h e  t h r u s t e r  mode was r e c e i v e d ,  t h e  f l a g  was l e f t  on i f  a 
mode t r a n s i t i o n  or maintenance mode was i n d i c a t e d  i n  t h e  d a t a .  If a beam on or 
o f f  mode was i n d i c a t e d  t h e  f l a g  was t o g g l e d  off for  a f i x e d  number o f  d a t a  
f rames.  
number o f  complete d a t a  frames was r e c e i v e d .  
d a t a  f rame,  and t h e  f l a g  t o g g l e d  o f f  a g a i n .  
de tec ted ,  t h e  p r i n t e r  f l a g  was t o g g l e d  on and l e f t  on.  The f o r m a t  o f  t h e  hard-  
copy o u t p u t  i s  shown i n  f i g u r e  5. 
The f l a g  was t o g g l e d  on when a coun te r  i n d i c a t e d  t h a t  t h e  p r o p e r  
P r i n t i n g  resumed w i t h  t h e  n e x t  
When a mode t r a n s i t i o n  was 
The paper o u t  i n d i c a t o r  on t h e  p r i n t e r  was d i s a b l e d  i n  t h e  even t  o f  a 
paper  jam or d e p l e t i o n  of t h e  paper  supp ly .  T h i s  p r e v e n t e d  t h e  p r i n t e r  from 
i n t e r r u p t i n g  t h e  d a t a  a c q u i s i t i o n  computer d u r i n g  u n a t t e n d e d  o p e r a t i o n .  
Magnet ic  tape s to rage .  - A l l  raw t h r u s t e r  d a t a  was s t o r e d  on magnet ic  
tape.  The D i g i - D a t a  S e r i e s  2000 tape  d r i v e  i s  an I B M  3420 c o m p a t i b l e  n i n e  
t r a c k  tape d r i v e  capab le  of 1200 b p i  s to rage .  
MS-DOS d e v i c e  d r i v e r  wh ich  i s  loaded i n t o  memory d u r i n g  computer b o o t  up. 
T h i s  a l l o w s  t h e  tape d r i v e  to  be c o n t r o l l e d  by  s o f t w a r e  i n  a manner s i m i l a r  t o  
t h a t  o f  a l i n e  p r i n t e r  of any o t h e r  " s tandard "  MS-DOS d e v i c e .  The c o n t r o l l e r  
c a r d  f o r  t h e  tape d r i v e  i s  equipped w i t h  a 64 Kb d a t a  b u f f e r .  Data  w r i t t e n  t o  
t h e  tape d r i v e  i s  s t o r e d  i n  t h e  b u f f e r  u n t i l  t h e  b u f f e r  i s  f u l l  or i s  loaded 
t o  a l i m i t  s e t  by  t h e  u s e r .  When t h e  bu f fe r  i s  loaded,  t h e  d a t a  i s  w r i t t e n  t o  
t h e  tape .  
The d r i v e  i s  s u p p l i e d  w i t h  an 
The f o r m a t  o f  t h e  d a t a  tape i s  o u t l i n e d  i n  f i g u r e  6. T h i s  f o r m a t  i s  iden-  
t i c a l  t o  t h a t  o f  t h e  f l i g h t  d a t a  w i t h  t h e  e x c e p t i o n  o f  f l i g h t  s p a c e c r a f t  d a t a  
n o t  a s s o c i a t e d  w i t h  t h e  ground t e s t .  The s p a c e c r a f t  d a t a  was o m i t t e d  t o  s i m -  
p l i f y  t h e  f o r m a t  o f  t h e  d a t a  b l o c k s  and i n c r e a s e  t h e  amount of d a t a  s t o r e d  on 
each tape.  The t h r u s t e r  d a t a  was w r i t t e n  to  tape i n  p h y s i c a l  r e c o r d s  c o n t a i n -  
i n g  22 l o g i c a l  r e c o r d s  each. A l o g i c a l  r e c o r d  c o n t a i n s  1 complete d a t a  f rame 
or 32 sec o f  t h r u s t e r  da ta .  A t i m e  stamp c o n t a i n i n g  t h e  y e a r ,  month, day and 
t i m e  o f  day was added t o  t h e  d a t a  frame. Each tape  c o n t a i n e d  one f i l e  
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made up o f  an a r b i t r a r y  number o f  p h y s i c a l  r e c o r d s .  
r e c o r d s  was dependent on t h e  amount o f  t i m e  t h e  tape remained mounted d u r i n g  
t h e  d a t a  a c q u i s i t i o n  process .  Subframe numbers a r e  d e s i g n a t e d  as <SFNN>.  Ana- 
l o g  t h r u s t e r  parameters a r e  d e s i g n a t e d  by measurement numbers PNNN, d i g i t a l  or 
d i s c r e t e  parameters  D#NN. ( N  i s  an i n t e g e r  number).  
The number o f  p h y s i c a l  
Tape d r i v e  programming. - The tape d r i v e  i s  i n i t i a l i z e d  u s i n g  t h e  s t a n d a r d  
" o p e n 0 ; "  s ta tement  a v a i l a b l e  i n  t h e  C language.  A t  t h i s  p o i n t  t h e  t a p e  d r i v e  
i s . a v a i 1 a b l e  as an A S C I I  d e v i c e ,  t h e  d e f a u i t  mode f o r  MS-DOS. A un ique i n t e g e r  
number or f i l e  hand le  i s  ass igned t o  t h e  tape d r i v e  wh ich  i s  used as an address 
fo r  f u t u r e  reads  or w r i t e s  t o  t h e  d e v i c e .  S ince  t h e  d a t a  must be s t o r e d  on t h e  
tape as b i n a r y  d a t a ,  t h e  d r i v e  must be t o g g l e d  t o  t h e  b i n a r y  mode u s i n g  t h e  
s tandard  MS-DOS f u n c t i o n  f o r  t h i s  purpose.  The f u n c t i o n  i s  c a l l e d  by l o a d i n g  
t h e  C P U ' s  AX r e g i s t e r  w i t h  t h e  f u n c t i o n  number and i s s u i n g  s o f t w a r e  i n t e r r u p t  
21h ( r e f .  5). Sample code i s  shown i n  t a b l e  I .  
T h r u s t e r  d a t a  was s t o r e d  i n  a b u f f e r  s e t  up w i t h i n  t h e  main code. T h i s  
b u f f e r  was s e t  t o  a 1760 B l e n g t h  wh ich  cor responds t o  22 I A P S  d a t a  f rames p l u s  
a t i m e  t a g  f o r  each. The t i m e  t a g  preceded t h e  d a t a  i n  each frame. The 
t h r u s t e r  d a t a  and c o r r e s p o n d i n g  word numbers were w r i t t e n  t o  t h i s  b u f f e r  u n t i l  
i t  was f u l l ,  a t  wh ich  t i m e  t h e  d a t a  was w r i t t e n  t o  t h e  tape b u f f e r  on t h e  con- 
t r o l l e r  c a r d .  The s t a n d a r d  C " w r i t e 0 ; "  f u n c t i o n  was used t o  p e r f o r m  t h i s  
o p e r a t i o n .  T h i s  r e s u l t e d  i n  a w r i t e  t o  t h e  t a p e  d r i v e  b u f f e r  once e v e r y  
1 1 . 5  min.  The t a p e  d r i v e  i s  c o n f i g u r e d  such t h a t  each w r i t e  i s  t r e a t e d  as a 
p h y s i c a l  r e c o r d .  The c o n t r o l l e r  c a r d  was c o n f i g u r e d  to  a f u l l  64 Kb b u f f e r  
s i z e .  The d a t a  was r e t a i n e d  i n  t h i s  b u f f e r  u n t i l  i t  was f u l l .  T h i s  r e s u l t e d  
i n  a p h y s i c a l  w r i t e  t o  t a p e  e v e r y  7.5 h r .  U n f o r t u n a t e l y ,  t h e  w r i t i n g  o f  d a t a  
t o  t a p e  r e s u l t e d  i n  a d a t a  d r o p o u t  a t  t h e  RS232 p o r t .  The w r i t e  took s e v e r a l  
seconds t o  e x e c u t e ,  n o t  a l l o w i n g  t h e  CPU t o  i n p u t  d a t a  from t h e  RS232 p o r t .  
T h i s  r e s u l t e d  i n  t h e  loss o f  one d a t a  f rame or 32 sec o f  d a t a  for e v e r y  7 . 5  h r  
wh ich  was deemed a c c e p t a b l e .  I n  more c r i t i c a l  a p p l i c a t i o n s  RS232 d a t a  c o u l d  be 
hand led  u s i n g  an i n t e r r u p t  r o u t i n e  wh ich  i n t e r r u p t s  t h e  CPU when d a t a  i s  i n p u t .  
Tapes were g e n e r a l l y  l e f t  o n l i n e  f o r  a one or two week p e r i o d .  No method 
f o r  a u t o m a t i c  c l o s i n g  o f  a tape d r i v e  f i l e  was implemented. T h i s  r e q u i r e d  
o p e r a t o r  i n t e r v e n t i o n  t o  c l o s e  a tape f i l e ,  d ismount  a t a p e  and l o a d  a new 
t a p e .  The t a p e s  w e r e  d ismounted only d u r i n g  t h r u s t e r  o f f  p e r i o d s .  There w e r e  
two reasons f o r  t h i s .  D ismount ing  a t a p e  r e s u l t s  i n  d a t a  loss d u r i n g  t h e  t i m e  
i n t e r v a l  r e q u i r e d  t o  mount a new t a p e .  Also, any d a t a  i n  t h e  b u f f e r  i n  t h e  
main code i s  l o s t  upon e x i t i n g  t h e  main s o f t w a r e .  Loss o f  d a t a  d u r i n g  an off 
p e r i o d  was n o t  c r i t i c a l .  A t a p e  was d ismounted u s i n g  t h e  f o l l o w i n g  procedure .  
The main s o f t w a r e  was t e r m i n a t e d  u s i n g  " c o n t r o l  C"  (^C> keyboard  i n p u t .  Data  
i n  t h e  temporary  1760 B b u f f e r  i s  i m m e d i a t e l y  l o s t .  T h i s  r e p r e s e n t s  up t o  
a p p r o x i m a t e l y  1 1  min  o f  d a t a .  The d a t a  w r i t t e n  t o  t h e  t a p e  d r i v e  b u f f e r  i s  
i m m e d i a t e l y  w r i t t e n  t o  t a p e .  A t  t h i s  p o i n t ,  t h e  MS-DOS prompt  appears on t h e  
computer m o n i t o r .  The t a p e  d r i v e  vendor s u p p l i e s  a number o f  MS-DOS r o u t i n e s  
used f o r  d i a g n o s t i c  purposes .  
c a l l e d  and a doub le  EOF w r i t t e n .  
c e n t r a l  comput ing f a c i l i t y  for i n p u t  t o  t h e  mainf rame.  A new t a p e  was t h e n  
mounted and t h e  d a t a  a c q u i s i t i o n  s o f t w a r e  r e s t a r t e d .  
t h e  s o f t w a r e  i s  shown i n  f i g u r e  7 .  
The r o u t i n e  wh ich  w r i t e s  a doub le  EOF i s  t h e n  
The t a p e  was t h e n  d ismounted and s e n t  t o  t h e  
A l o g i c  flow d iagram of 
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SYSTEM PERFORMANCE 
The o v e r a l l  per formance o f  t h e  d a t a  system was e x c e l l e n t .  
l os t  d a t a  d u r i n g  t h e  p h y s i c a l  tape w r i t e s  d i d  n o t  a d v e r s e l y  e f f e c t  t h e  r e s e a r c h  
and w e r e  e s s e n t i a l l y  t r a n s p a r e n t .  Aga in ,  an i n t e r r u p t  d r i v e n  d a t a  i n p u t  scheme 
c o u l d  have prevented  any d a t a  d r o p o u t s .  On one o c c a s i o n  a f a c i l i t y  power f a i l -  
u r e  r e s u l t e d  i n  t h e  l o s s  o f  t h e  c o n t e n t s  o f  t h e  64 Kb d a t a  b u f f e r .  An u n i n t e r -  
r u p t a b l e  power supp ly  f o r  t h e  computer and t a p e  d r i v e s  would have p r e v e n t e d  
t h i s .  There were no tapes  produced by  t h e  tape d r i v e  which c o u l d  n o t  be r e a d  
by  t h e  mainframe and a l l  d a t a  was s u c c e s s f u l l y  p rocessed.  The system c o n t i n u -  
o u s l y  o p e r a t e d  w i t h o u t  a hardware f a i l u r e  f o r  t h e  d u r a t i o n  o f  t h e  C y c l i c  T e s t ,  
a t i m e  p e r i o d  o f  14 months.  
The o c c a s i o n a l  
CONCLUSION 
The n i n e  t r a c k  t a p e  d r i v e  i n t e r f a c e d  to  t h e  p e r s o n a l  computer p r o v i d e d  a 
cost e f f e c t i v e  means o f  t r a n s p o r t i n g  l a r g e  amounts o f  d a t a  from a remote t e s t  
s i t e  t o  a mainframe fo r  a n a l y s i s .  The system proved t o  be q u i t e  r e l i a b l e  and 
easy t o  o p e r a t e .  The d a t a  tapes  a l s o  p r o v i d e  an e x c e l l e n t  means f o r  a r c h i v a l  
o f  t e s t  d a t a .  
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Figure 1. - Ground test facility and electronics block diagram. 
Figure 2. - IAPS components 
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Figure 3. - RS232 input module. 
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Figure 4. - Cyclic test real time data display. 
SI 
NFPU 
ACCU 
DUT 
DKU 
- Y***.** me - ****.** UDC - a***.** UDC - I Y * * . * *  ca1 - ****.a* UDC 
FL21 - HEX 
FLIP - *** 
cno - I**# 
Tun Juna 2 1l:OS:OO 
SU -.
ACCI 
NK I 
NUT 
NHTI 
MODE 
Figure 5. - Hardcopy data format. 
< BEGINNING OF RECORD > 
Buts No. 
0 Y E ~ R  YEAR nooa noon H R ~ N  ~~ 
8 NULL NULL NULL NULL NULL 
16 <SF00> P701 <SFOl> PS07 <SF02> 
24 <SFOW PS15 <SF05> PS2S <SF06> 
32 <SFOH> P202 <5F09> P5OS <SF10> 
40 <SF12> PSO1 <SF13> P103 <SFl'i> 
HRnN 
NULL 
PS05 
P511 
P527 
P105 
P531 
PB03 
PBOS 
peoi 
SECS 
NULL 
P517 
PS25 
P503 
PI01 
PS23 
PBll 
P301 
P703 
Each lopical record contains 80 sipht bit words 
22 LoOica1 records will mako one physical record 
On8 (11 Logical rmzord equals 32 seconds of data and EO words 
On8 (1) Physical racord squals 704 raconds of data and 1760 words 
Tho tapa will contain onlu ona fila with a doubla end of film (EOFI markar at 
the end of tho taps 
Figure 6. -Tape format. 
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